showing that, in a batch MFC, smaller electrical resistance of the circuit leads to selection of electroactive bacteria. Higher coulombic yields are so obtained because electrons from substrate are transferred to anode rather than following the methanogenesis pathway. In addition to higher currents, faster COD consumption rates are so achieved. The potential of this general modelling framework is in the understanding and design of more complex cases of wastewater-fed microbial fuel cells.
INTRODUCTION
Microbial fuel cells (MFC) can directly convert mixed organic substrates to electricity using bacteria as a biocatalyst. The interest in MFC is increasing also because of suggested possibilities for effective wastewater polishing.
In MFC, the biocatalytic process performed by the microorganisms differs from the natural situation because the electron flow goes to a solid electrode (e.g., anode) instead of to a natural electron acceptor (Rabaey et al. 2005) . Although substantial knowledge already exists from traditional chemical fuel cells on mass transfer, reactions and electrical phenomena, the exact mechanisms for electron transfer from cells to electrode and the microbiology of MFCs are less well understood. Most MFC studies are still experimental, and focus either on a detailed understanding of the microbiology of bacteria involved in MFC or on engineering aspects with reports of incremental increases in performance from MFCs with increasingly advanced designs. A suitable approach to integrate information gathered from several disciplines and by researchers with backgrounds ranging from biology to engineering is by mathematical modelling. Surprisingly however, with the exception of one case from more than a decade ago (Zhang & Halme 1995) no further modelling studies have been dedicated to microbial fuel cells until very recently. In Picioreanu et al. (2007) we developed a general model describing the MFC behaviour with both suspended and doi: 10.2166/wst.2008.095 attached cells in the form of biofilms. Since this was the first attempt of its kind, we studied only the electron transfer from microbial cells to the anode via a diffusible mediator, because these are compounds available in natural environments (e.g., humic acids, phenazines, quinones). In addition, it has been found that some bacteria from a biofilm enriched in an MFC can produce soluble compounds that intermediate the transfer of electrons between microorganisms and electrode (Rabaey et al. 2004) . Including other electron transfer mechanisms in the model framework is possible, such as by cells connection to the anode via proposed conducting structures termed "nano-wires" (Reguera et al. 2005) . In this study we aim to describe in detail only the dynamic behaviour of the anodic compartment, having in mind that a description of the cathodic chamber can follow the same approach. The anodic compartment is operated under anaerobic conditions because oxygen is usually a more efficient oxidant than the anode, competing with the desired electrochemical process. Hence, this report presents results of the integration of IWA's anaerobic digestion model (ADM1, Batstone et al. 2002) in the MFC model.
MODEL DEVELOPMENT
The main goal of any mathematical model of a microbial fuel cell is to, at least, calculate the electrical current and voltage generated under different operational conditions. Figure 3E ). Non-uniform current distribution occurs also when a patchy biofilm colonizes the anode, leaving large electrode areas uncovered with biomass ( Figure 3F ,G). 
Effect of external resistance on EAB selection
It is expected that the operation of MFCs at higher external resistances (ohmic loads) will limit the current allowed to flow through the circuit. Therefore, the electrode reaction coupled with the energy generation in the electroactive bacteria (EAB) will occur at a slower rate, leading not only to less current but also to less EAB in the biofilm. 
